Stoichactis helianthus toxin, a protein derived presumably from the nematocysts, was purified to homogeneity. It has a molecular weight of about 16,000, an isoelectric pH of 9.8, and it contains approximately 3.7% carbohydrate. It is powerfully hemolytic for erythrocytes derived from a variety of animal species, those of the cat being the most sensitive and those of the guinea pig the most resistant. The toxin is lytic also for rabbit blood platelets, and it destroys cultured fibroblasts but is inactive for several kinds of bacterial protoplasts and spheroplasts. The hemolytic activity is specifically inhibited by sphingomyelin, and it is proposed that this phospholipid is the constituent of the membrane which functions as receptor for the toxin. Supporting evidence includes the findings that enzymes known to destroy sphingomyelin (a) prevent erythrocyte membranes from inhibiting hemolysis, and (b) render erythrocytes resistant to lysis by the toxin. The mechanism underlying hemolysis may involve translocation of membrane sphingomyelin by virtue of a specific affinity of the coelenterate protein for this phospholipid.
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A toxin, presumably derived from the nematocysts, of Stoichactis helianthus was recently purified and studied by Devlin (1) . Some of the properties of this toxin suggest a superficial resemblance to a group of cytolytic toxins of bacterial origin that have been under study in our and other laboratories (2, 3) . In order better to evaluate the apparent similarity between the coelenterate toxin and those of bacteria we undertook to extend the findings of Devlin.
MATERIALS AND METHODS
Toxin. A sample (F-4) of purified S. helianthus toxin was generously provided by Dr. John P. Devlin . It had been purified by a slight modification of the procedure published earlier (1) .
Estimation of Hemolytic Activity and Inhibition of Hemolysis. Test solutions were assayed as in ref. 4 but without gelatin. A solution of toxin was assayed with erythrocyte suspensions prepared from six rabbits. Five of the titers were within the range of variation expected from the possible error of the assay, but the sixth was about twice as great. The assays were not significantly affected by inclusion in the system of 5 mM MgCl2, CaCl2, ethylene diamine tetraacetate, or 0.1% gelatin. With either sheep or rabbit erythrocytes, the toxin did not show a "hot-cold" effect demonstrable with certain hemolytic phospholipases (3) .
Capacity of lipids and other substances to inhibit hemolysis was estimated as in ref. 4 with 3 hemolytic units (HU) of Stoichactis toxin F-4 and omission of gelatin. Lipid suspensions were prepared as in ref. 4. Reagents. Phospholipids were purchased from Sylvana Chemical Co., Supelco, Inc., and Applied Science Labs, Inc.
Chloroform-methanol extract of brain was prepared as in ref. 5 , and partially purified brain ganglioside as in ref. 6 (9) . The gels showed a single, heavily stained major band and up to three faint minor bands. The major band migrated the same distance whether or not the toxin was preincubated for 2 hr in 0.01 M sodium phosphate, pH 7.0, containing one percent sodium dodecyl sulfate and one percent 2-mercaptoethanol. The molecular weight of the major band was estimated to be 16,000, using the conditions of ref. 9 and the reference proteins indicated in Fig. 1 .
Isoelectric Focusing. Isoelectric focusing (10) was carried out in a linear density gradient prepared from (a) a less dense solution consisting of 5 mg of toxin (F-4), 4 ml of 8% (wt/vol) ampholine (pH 3.5-10; obtained from LKB Instruments), and sufficient water to bring the volume to 55 ml, and (b) a more dense solution of 32 ml of water, 8 Broekhuyse (13, 14) , but using only the first solvent system. Staining with iodine vapor revealed a single spot having the RF of sphingomyelin, whereas in a control reaction mixture containing staphylococcal sphingomyelinase the sphingomyelin spot largely disappeared and a new spot appeared near the solvent front. Rabbit erythrocyte membranes were also exposed to toxin and centrifuged, and the lipids extracted from the pellet by the method of Reed et al. (15) . The extracted lipids were analyzed by two-dimensional thin-layer chromatography (13, 14) and stained with iodine vapor. Visual inspection of test and control plates indicated that the toxin had not caused a significant alteration of the sphingomyelin or of other major membrane phospholipids.
In Vitro Destruction of Platelets and Fibroblasts. Since the only known biological effects of S. helianthus toxin are erythrocyte lysis and lethality (1), it was of interest to test the toxin on other mammalian cells. Rabbit platelets prepared as in ref. 16 were suspended in Tris-saline containing 0.1% bovine serum albumin. After addition of toxin F-4, turbidity was followed in a model 14 Cary recording spectrophotometer at a wave length of 520 nm. Ten HU of toxin per ml produced gross lysis, and as little as 1 HU/ml had a detectable lytic effect (Fig. 3) . Hence, rabbit platelets showed the same order of sensitivity as rabbit erythrocytes.
Human foreskin fibroblasts (FS4) were cultivated according to Vilcek and Havell (17) without serum. A solution containing 1 mg of toxin (F-4) per ml in serum-free medium was sterilized by filtration through a Millipore Millex disposable filter (0.45 gm). One-half milliliter of each of a series of 5-fold dilutions, prepared in serum-free medium, was added to 4.5 ml of fibroblast culture. DISCUSSION The foregoing data indicate that the hemolytic toxin of S. helianthus is a protein of molecular weight about 16,000. It does not appear to be dissociable into subunits, nor is there evidence for aggregate formation. Since an aim of this study was to compare this toxin with bacterial toxins exhibiting similar biological activities, it is notable that with the exception of streptolysin S virtually all the latter proteins fall within the molecular weight range of 30,000 to 70,000 (2, 3) . Another difference between the bacterial cytolytic toxins and the coelenterate toxin is the presence of carbohydrate in the latter, as first demonstrated by Devlin (1) and confirmed here. S. helianthus toxin is a basic protein, and it may be significant that this feature is shared by a number of bacterial cytolytic toxins that are known or thought to react with membrane phospholipids, notably the major component of staphylococcal a-toxin, staphylococcal ,8-toxin, and corynebacterial phospholipase D. In common with several cytolytic proteins of bacterial origin, the hemolytic activity of the coelenterate toxin depends upon the erythrocyte species tested. As with most of the systems involving bacterial toxins, the basis for the differences in susceptibility is unknown. The order of sensitivity of erythrocytes to the toxin of the Indo-Pacific sea wasp Chironex fleckeri, said to be the most dangerous venomous marine animal known (18) , has been reported (19) to be rat > human > guinea pig. This is the same order as for S. helianthus toxin, but additional data for the former toxin would be desirable.
Of interest is the finding that -sphingomyelin is unique among the phospholipids tested in inhibiting hemolysis. We interpret this to mean that sphingomyelin is the specific membrane receptor for the toxin, and that this phospholipid is intimately involved in the events that result in lysis of the cell. Additional support for the role of sphingomyelin as receptor for the toxin is provided by the finding that (a) erythrocyte membranes, but not bacterial membranes (which lack sphingomyelin), inhibit toxin-induced hemolysis; (b) the inhibition is abolished by pretreatment of erythrocyte mem-branes with staphylococcal sphingomyelinase C (which is specific for sphingomyelin and lysophosphatidylcholine), with clostridial phospholipase C (known to hydrolyze sphingomyelin as well as other phospholipids), or with corynebacterial phospholipase D [which has been shown (8) to hydrolyze membrane sphingomyelin]; and (c) whole erythrocytes are rendered resistant to lysis by the toxin upon pretreatment with either staphylococcal sphingomyelinase C or corynebacterial phospholipase D. Consistent also with these results is the finding that bacterial protoplasts and spheroplasts are insusceptible to the action of the toxin.
No evidence could be adduced for the possibility that S. helianthus toxin might itself be a sphingomyelinase. We, therefore, postulate that the toxin is a protein having a specific affinity for sphingomyelin, and that translocation of this particular membrane constituent causes changes in permeability leading to lysis. In this connection it is of interest that C. fleckeri toxin has been shown (20) to be relatively specifically inhibited by gangliosides, and its lytic action is thought to be probably not enzymic but associated with a nonenzymic interaction between gangliosides and the hemolytic protein. Perhaps the best precedent for this kind of hemolytic mechanism is to be found among the SH-activated, or oxygen-labile, bacterial cytolysins which have a specific affinity for membrane cholesterol (2, 21) . A different mechanism has been proposed (22) to explain hemolysis produced by the nematocyst toxin of the sea anemone Aiptasia pallida, namely, that lysis is caused by enzymic action of venom phospholipase A on membrane phospholipids.
It is possible that S. helianthus toxin and an antitumor agent isolated from Stoichactis kenti (23) are similar substances. Among the coelenterate toxins that have been characterized biochemically S. helianthus toxin appears to resemble more closely than others the nematocyst toxin of the sea anemone Actinia equina of the northern Adriatic shore. This was found (24) to be a hemolytic and lethal protein of molecular weight about 20,000, and isoelectric at pH 12.4. There is also some resemblance in the amino-acid compositions of the two proteins.
